Collective Shapiro Phase Shift on the period of the pulsars due to a dark object (a passing MACHO or a planet) along the line-of-sight of one or more pulsar is a formidable gravitational tool to discover dark matter. We already noted that the presence of a few negative PSRs period , possibly due to such a Shapiro delay, is roughly consistent with independent estimates of MACHOs observed by microlensing in our Galaxy. Here we update our study and suggest to verify and to calibrate the Shapiro phase delay to observe on ecliptic main known planetary and solar gravitational fields. Once the test is probed we propose to use, in a collective way, a subsample of PSRs on the ecliptic plane to monitor our solar system for discovering any heavy unknown object, either dark Macho or planets. The importance of such unknown possible planetary components and their eventual near encounter with Earth in the far past (or future) should be not neglected : the same life evolution (or extinction) might be marked by such a rare event.
Introduction
Gravity deflects space-time. For this reason matter and energy, while bending geodetics, force other masses to move along Keplerian trajectories. Indeed gravity, by equivalence principle and better by General Relativity, bends also massless photons. Deflection of star's lights by Sun, nearly eighty years ago, overthrown newtonian relativity leading to the most popular triumph of Einstein's relativity. It is the gravitational bending of the light that gave life to gravitational microlensing tools, one of the best ways to see "matter in the dark". However gravity shapes also time rate. Indeed clocks are slowed in presence of heavy bodies (Earth, etc.). The well known gravitational redshift is (as well as light bending) a cornerstone of General Relativity. Time is slowed down near pulsars and totally frozen when observed, far away, near the Schwarzschild radius of a black hole.
The variable gravitational redshift on a fixed period due to the source motion with respect to the graviting body is just "Shapiro Phase Shift". It has been predicted on early 1964 and observed, by delayed radar echoes grazing the Sun and reflected by Mercury (1967) and Venus (1970) , by Shapiro himself. We have not (yet) a powerful radar to inspect far away dark planets or MACHOs in our galaxy. However nature does offer very precise clocks spread far in our galaxy: pulsars. Period of the pulsars is stable, million or billion times better than our commercial clocks, competitive with the best laboratory ones on Earth. The stability of the timing of pulsars is granted by the huge inertial momentum of the pulsar, its consequent large angular momentum and the negligible angular momentum losses. Therefore pulsars are the timing candle in our Shapiro delay search: their beating slowdown and speed up may inform us on the dark objects crossing along the line-ofsight.
While geodesic accelerations suffer the gravitational field' s gradients (proportional to the inverse of distance square) of a given point, Shapiro Phase Shift (SPS) is a path integral of the fields (which decrease as the inverse of the distances): SPS "records" the gravitational fields from the source to the observer and the delay is a cumulative effect.
Indeed there is both a geometrical delay (which is proportional to gravitational fields) as well as a gravitational Shapiro delay which is roughly the path integral of the fields . The consequent Gravitational Shapiro delay is a logarithmic function of the impact parameter and it is usually the dominant one (at large impact parameter values of body encounters).
This effect increases, nearly by a factor of one hundred, the characteristic impact distance of a detectable phase delay respect to a corresponding gravitational microlensing event (at present detector sensitivity) . Therefore even the few hundreds pulsars in our galaxy offer a large enough sample to measure a few SPS delay a year. Their imprint is an "anomalous" negative period derivative in the PSRs period. Moreover a sub-sample of pulsars on the galactic-ecliptic intersection may monitor the Solar System planets (Jupiter, Mars ...) as well as the solar Shapiro Phase Shift allowing a quantitative calibration and verification of the SPS delay. The same technique may be deploied to observe far hypothetical unknown planets which may pollute at the far periphery of the Solar System. Their eventual rare infall and near encounter with the Earth in the past might be left important gelogical imprint [7] ; strong tidal forces might induce Tsunami and volcanic activities as well as life extinction . Shapiro Phase Delay may also reveal Machos in our Solar System neighbor while their collective correlations may track the secret trajectories of far dark bodies in the Space .
Review of the Shapiro effect on pulsars
The Shapiro Phase Shift on Pulsars (SPSP), i.e. the Shapiro effect [17] which influences the time arrivals of the signal of the pulsars [3] [4], may be responsible of the time derivative deviation and may explain the presence of a few negative pulse derivatives among 706 known pulsars. We described in detail the phenomenon [3] [4] and predict that the SPSP may play a role inṖ deviations for just a ( ∼ 0.5÷5 ev yr −1 ) at aṖ ∼ (10
level. Moreover we showed how analogous collective SPSP in Globular Clusters (GCs)
would also be possible. A MACHO passing by the line-of-sight of a pulsar with transversal velocity v ⊥ at a distance D d (see figure 1 ) from the observer produces a variable gravitational time delay:
where u = b / R E is the impact parameter of the MACHO from the line-of-sight of the pulsar in units of the Einstein radius
(where
The characteristic time of any event for is
where u min is the minimum impact parameter of the MACHO ( figure 1 ). The outstanding signature on the period of a pulsar should be its negative time derivative, which is :
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The function F (t) has a maximum and a symmetric minimum for the values ∓ t c , as shown in figure 2 for the values u min = 1 and u min ≥ 10 .
Competitive gravitational delays in residual periods of the pulsars may occur due to Doppler shifts induced by gravitational deflection of both unbounded objects (planet , star , black hole , ...) and binary bounded objects near the pulsar (the former being a step-like residual signal in the period of the pulsar while the latter being a periodic sinousoidal one). In this context the (SPSP) leads to a recognizable, episodic, timely bell-shaped period variation. SPSP period derivative should be added to the average positive derivative (10 −14 s s −1 ) related to the intrinsic pulsar spin-down. Our first inspection [3] [4] into the catalogue of 558 pulsars [20] found out some "anomalous" negative period derivatives. In table 1 we show the comparison between the two editions of the catalogues of the known pulsars [20] [21], with the epoch of each measurement. We note that the pulsar B0021-72D, which had no measured value in the older catalogue, has a negative period derivative with low absolute value. The pulsar B0021-72D, which resides in the same globular cluster, has different values ofṖ even if the epoch of measurement is the same (notwithstanding this still negative). We believe the newer value ofṖ be consistent, being similar to the value of B0021-72D and, maybe, characteristic for a collective SPSP in the GC. Particular attention must be dedicated to the pulsar B1813-26. It does not belong to any globular cluster nor to any binary system but increases its negativė P of one order of magnitude. The reported values ofṖ of the other pulsars in table 1 are equal in both the catalogues. On the basis of these data we cannot produce a more precise statistic on the time development of theṖ , in this sense only an on-line frequently updated database should be useful.
Sources of SPSP in the Solar System
So many sources of gravitational phase shift can affect the time derivative of the period of the pulsars: local companions in binary systems, MACHOs encounters along the trajectory of the signal [15, 16, 9, 1] , gravitational waves, collective SPSP in globular clusters [4] . With no doubt any moving massive object within the neighbors of our solar system can produce the same effect at various intensities. We believe the estimate of such gravitational contributes be important and this for many reasons. Taking into account the various contributes produced both within and just outside of our Solar System can make the observation of distant events of SPSP more accurate, letting all the nearest disturbs be subtracted. In addition, future developments in the precision of the observational techniques could let the measurement of the residual time derivative of the period be finer, in order to use the SPSP to scan the presence of low-mass objects such as planets. In this context we deduce that the simultaneous measurement of more than one pulsar should be useful. A low-mass object traveling near the observer can produce a perturbation on the timing of more than one background pulsar residing within a certain angle from the object itself, so that a combined statistic may lower the detectability threshold. The fact that the most of the known pulsars reside within the galactic plane defines two preferential directions of observation for the detection of some planets within the neighbors of our solar system. Figure 4 shows the geocentric projection of the galactic plane relative to the ecliptic and the geocentric orbit of the most massive planet of our solar system. As we expect that low-mass celestial objects, bounded to our Solar System, reside within low ecliptic latitudes, the intersection of the ecliptic with the galactic plane defines two preferring angular zones of observation towards both the galactic centre and anti-centre. The galactic coordinates of the intersections with the ecliptic are l int GC = 6.38
and l int GAC = 186.38
• , b int GAC = 0 , respectively for the GC and GAC. Tables 2 3 show the pulsars laying within an angular radius of 6
• centered at the intersections. We count 25 pulsars towards the GC and 3 towards the GAC which should be continuously monitored via a collective statistics.
Another fundamental characteristic is found to be very important for this purpose: the relative motion of a low-mass object bounded to the Solar System with respect to an observer on the Earth makes its distance D d cyclically variable with a period of one year, as a result of the revolution of the Earth around the Sun. This influences cyclically the path integral of the signal of pulsar too. Once all the Doppler effects and the gravitational contribute of the Sun have been removed from the time delay, being these only additive, the gravitational time delay is still modulated with a period of one year. This one-year modulation can also be produced by any object near the observer traveling with any trajectory, with the only restriction that its trajectory be not equidistant from the Earth.
The more the period of revolution of the object around the Sun is higher then one year the more the modulation is recognizable via simple Fourier transform of the signal. This will be shown later when we take in account the case of Jupiter compared with the cases of Mars and Venus.
Therefore any celestial object in the neighbors of our Solar System, having any trajectory with respect to the Sun, can produce such a modulation. This is not the case for distant MACHOs because for an object near the observer We are now going to inspect the effects produced by the most massive objects known in our Solar System; to do this we need a more generalized formulation of equation 1. As the Earth orbits around the Sun, two are the main causes for the variation which affect the period of any observed pulsar: a Doppler effect (as a result of the sole revolution of the Earth) and a Shapiro effect (due to the gravitational action of the deflector on the optical path of the signal of the pulsar).
The total time delay due to the two main effects is:
We take our attention to the gravitational effect, using the usual notation of D d , D ds and D s = D d + D ds as being the position vectors of, respectively, the deflector relative to the observer on Earth, the pulsar relative to the deflector and the pulsar relative to the observer ( figure 5 ). In this context the gravitational time delay is found to be:
where
For what concerns the residual period time derivative it can be found by time differentiating equation 8. 
Solar-induced time delay
With an impact parameter of b = u min R E = 10
2 R E ≈ 3 · 10 11 cm the effect onṖ would be quite high for a characteristic time of about 1 day. Instead we must take in account the delay introduced by interplanetary plasma distribution. We can compare the two effects by comparing the perturbations, ∆n grav and ∆n p , induced on the refraction index. Now,
and
where ν p = (e 2 n) / (πm) = 8. 
The density of electrons decreases with the distance from the solar surface (figure 9). At a distance of one solar radius from the solar surface ( u min ≃ 4.7 ) is nearly 10 5 cm −3 , which leads to ∆n grav / ∆n p ∼ 8.4 · 10 −2 [ ν / (400 MHz) ] 2 , therefore the gravitational effect to the propagation of the signal would be almost negligible with respect to the electromagnetic one. Near the Earth n e ∼ 2 · 10 3 cm −3 and r = 1 AU so that ∆n grav / ∆n p ∼ 3.9 · 10 −2 [ ν / (400 MHz) ] 2 and the gravitational effect is still negligible. In conclusion, the Shapiro effect on the signal of the pulsar passing nearby the Sun would be hidden at frequencies ν = 400 MHz. As the impact parameter from the Sun decreases to smaller values the plasma effect gets higher with respect to the gravitational.
Notwithstanding this the contribute from the plasma effect would depend on the frequency of the signal while the gravitational would not and the electromagnetic time delay should be recognizable and deducible. Instead, if we get to frequencies ν ≥ 1.4 GHz as to higher photon energies, which include the few known optical ( X, γ ) pulsars, we find the SPSP effect of the Sun be the dominant one.
The SPSP produced by planets in the Solar System
We now investigate the magnitude of the SPSP as a result of the gravitational influence of some planets, in particular Jupiter, Mars and Venus. This will be useful to understand the differences in the one-year modulation.
Jupiter
Jupiter is the most massive planet of our Solar System to produce some disturb to the residual timing of the pulsars. In addition its bounded orbit is representative for the one-year modulation previously predicted. Figure 4 shows the geocentric orbit of Jupiter during a twelve-year cycle starting from the first of January of 1998. As the mean distance of Jupiter from the Sun is about 5.2 AU the geocentric distance D d varies cyclically from 4.2 AU to 6.2 AU twelve times during a whole revolution of Jupiter around the Sun. Figure   10 shows the gravitational time delay produced on a mean-distance pulsar towards the galactic centre during a twelve-year cycle of revolution of Jupiter around the Sun, as seen from a geocentric observer. We can distinguish twelve peaks of gravitational time delay the magnitude of which increases as the position of Jupiter tends to overlay the galactic centre direction. We can recognize the usual time-shaped curve of any SPSP with a one-year modulation superimposed. Figure 11 shows the relative residual time derivative of the period. It is worth noticing that this is not the maximum effect possible because the minimum impact parameter of Jupiter with respect to a source in the galactic centre is a little less than 1 AU.
Without regarding the modulation, we can calculate the parameters of the SPSP produced by Jupiter using the usual formulas: We can now compare the plot in figure 11 with an unmodulated, classical shape of the residual time derivative ( figure 12 ). This last simulation was performed keeping the observer at a fixed mean Jupiter-Earth distance at the centre of Jupiter orbit.
The other planets.
When taking in account planets nearer to us then Jupiter the period of revolution of the planet gets comparable to one year and the modulation gets more strong and compli- 
which is quite a small effect if we note that this is the maximum effect produced.
In addition to the disturb the moon produces we should take into account the gravitational perturbation produced by the rotation of the Earth. Let us take a simple limiting case in which the pulsar is visible by the observer during the whole rotation and in a certain moment the trajectory of the signal is orthogonal to the Earth radius (see figure 14) . In this simple case the maximum time delay during a rotation of the Earth will be:
where ψ is the latitude of the observer. Suppose it be 2 π / 3, then ∆t rot ≃ .78 · r S ⊕ / c = 2.31 · 10 −11 s and the mean residual time period derivative would be Ṗ ≃ ∆t rot / (.5 day) = 5.35 · 10 −16 s s −1 .
Conclusions
We can certainly conclude that many objects and gravitational phenomena can produce an SPSP on a distant pulsar, the most of which are surely present within the neighbors of our Solar System. We expect these nearest contributes be important both for their subtraction during the scanning of distant events and for providing a warning for the existence of celestial objects near us. When taking in account the existence of celestial objects trapped by our Solar System we can view a one-year modulation on the SPSP produced by them as an outstanding unique feature. Being produced by celestial objects laying only near the geocentric observer this modulation can be used as a discrimination method. Among the possible methods of enhancing the identification of some low-mass celestial objects within our Solar System we considered the observation of more than one pulsar at a time within two preferred directions of observation. A random combined statistic on many pulsars would deteriorate the predicted one-year modulation, because different modulations on many pulsars would interfere destructively. On the contrary a phase matching of the modulation may greatly increase by coherent interference the sensitivity, leading to the discover of the vectorial motion of the "dark" object. In any case, as a first point of view on this matter, we can say that the combination of both 
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In the second right column the notations mean : C = globular cluster , B = binary pulsar Table 2 : Intersection between the ecliptic and the galactic plane towards the galactic centre: pulsars laying inside an angular radius of 6
• centered at the intersection l int GC = 6.38
• , b int GC = 0. Figure 3 : Position of the known pulsars in our galaxy and the projection of the plane of the ecliptic (upper). In the lower figure the selected pulsars, towards both the galactic centre and the anti-centre, are shown. 
